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CONSTRUCTION OF FINNED ALUMINUM MUFFS FOR 

AIRCRAFT-ENGINE CYLINDER BARRELS 
Langley Memorial Aeronautical Laboratory 

Summary . - This report describes the material, cutting- 
tool development, and machining procedure used In con- 
structing an air-cooled cylinder "barrel having a cooling 
muff with 2-inch fins spaced 1/8 inch. Details of two 
types of thread form used for the "barrel to head assembly 
with the cooling muff are also presented. 

Int roduct i on . - In the construction of aluminum-finned 
aircraft-engine cylinder "barrels, the NACA has used an 
aluminum muff slipped over and shrunk to the "barrel "be- 
fore assembly with the cylinder head. This procedure is 
the current Pratt & Whitney practice on the R-2800 engine. 
It is of historical interest to note that the original 
Lawrence air-cooled engine used a form of aluminum cool- 
ing muff. The cooling muff of the Lawrence engine was an 
extension of the aluminum-alloy cylinder head into which 
was shrunk a steel liner. 

Cylinder -"barrel muff .- The cylinder-barrel muff is 
machined from an aluminum-alloy forging. The forging may 
either be of the pierced or solid type. One muff machined 
from an aluminum-alloy casting was used, but experience 
indicates that the forging has a higher thermal conduc- 
tivity and considerably better physical characteristics. 
The forged material used was 17S-T, a dural alloy. The 
hardness of this material is of considerable importance 
in the successful machining of the fins. It was found 
that machinab i 1 i ty improved with hardness although no 
attempt was made to determine the limits on either end 
of the hardness range. In general, it may be stated that 
when the hardness was less than Rockwell 90-F the forging 
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was too soft to machine* Good machinaoili ty was obtained 
up to the maximum hardness tri 3d , F.ockwcll 100-3. The 
hardness of the forging was tested "before machining and 
when it was found to be "below Eockwell 90-jT the following 
heat treatment was used: The forging vras heated to 930° F 
and held for approximately 1 hour; then the hot forging 
*.vas plunged into cold water. The quantity of water was 
such that its temperature did not rise above 110° F . 

As dural is an a^e-hardenint; alloy, it cannot "be 
machined for several! days after the heat treatment. Im- 
mediately after heat treating it was softer than before 
treating, but the subseauent age hardening increased its 
initial hardness. The muff was designed to have fins 2 
inches deep and 0,050 inch thick with a spacing of 0.135 
inch (fig, l)o 

Cutting t ool 0 - The most difficult part of the. proj- 
ect was the development of cutting tools for machining, 
fins of this depth and spacing. The thickness of the 
gang cutter's blades limited the desired minimum space 
between fins; however, the blades could be spaced .to give 
any desired fin thickness, Six blades were used in the 
cutter although possibly more could be used*- Two gang 
cutters were used; the first set of cutters was used for 
a roughing operation and the second set was used for the 
finishing operation. The blades vere made from B. & S. 
ground stock; a sketch of the form found best is shown 
in figure 2., The only difference in the roughing and 
finishing tool was a -few thousandths inch in the blade 
width which allowed the. chips to come out of the work 
more freely 0 

The procedure for machining the fins after the ini- 
tial rough turning operation was to take the first cut 
with the roughing- tool to a depth of l/2 inch. The 
roughing tool was then used alternately with the finish- 
ing tool making cuts of equal depth with each tool until 
the desired depth of the fins was obtained, A single- 
blade tocl was used for the radius at the root of the 
fins, (See figr 3 for photograph Of finished muff, ) 
After the fins were cut, the muff was finished bored to 
give the desired shrink fit on the cylinder barrel. The 
muff was heated to about 450° ? for this assembly. The 
steel barrel (fig, 4) was machined to a true cylindrical 
form leaving approximately 0 3 135 inch wall thickness for 
a cylinder of 5% inches bore. The finish is comparable 
to that of the best turned finish found in commercial 
prac t i c e «> 
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Thread forms.- In the first few cylinders assembled 
by the NACA the "Aero" thread was used' (fig. 5), This 
type of assembly is identical with that used "by the Pratt 
& Whitney Company, except that they use an 8-pitch thread; 
whereas the NACA used a 12-pitcfa thread. The reason for 
the change in thread pitch was to give a shallower thread 
in the steel "barrel and thereby increase the strength of 
the "barrel at this point. 

The "Aero" type of thread as applied to cylinders is 
a formed wire of bronzy or r^ee] wrapped into suitable 
spiral grooves of the desired pitch machined on the bar- 
rel. The upper esd of the formed wire is peened into a 
small hole in the top of the barrel; the trailing end is 
free to creep during assembly. Using an 8-pitch thread 
it may be possible to make the assembly with the formed 
wire held to the barrel by sweating with soft solder. 
Both peening and sweating were used for the 12-pitch 
thr ead . 

* • - ' A $ 
Later SfACA cylinder assemblies have been made using 
a thread construction of 1TACA design. This design uses 
a spiral groove on the barrel similar to that used in 
the "Aero 11 thread design. However, no formed-wire insert 
is usedo That part of the thread corresponding to the 
rounded part of the formed wire of the "Aero" type thread 
is cut directly in the aluminum head with a formed tool. 
The details of this thread construction are shown in fig- 
ure 6. Several cylinders using this construction have 
been power tested up to 1500 poinds per square inch 
cylinder pressure with no signs of failure 0 

The object of the NACA thread design was to obtain 
a simple thread easy to assemble. 

Sh rink f its .- With either thread form the cylinder 
head is her ted to approximately 550° F and upon removal 
from the oven is quickly screwed onto the barrel clamp- 
ing the muff between the head and the shoulder which was 
provided on the barrel. She head has a shrink fit on the 
barrel of 0.019 inch. This shrink chokes the core of the 
barrel at the top of the cylinder by ab ou t 0,016 inch. 
After assembly the hold-down stud holes are drilled in 
the cylinder flange in their proper relation to the head. 

In the NACA assemblies, the muff is designed to have 
an 0.008-inch shrink fit on the barrel • The effect of 
this shrink on the barrel bore seems to depend on a number 
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of factors which have not yet "been segregated. In some 
assemblies, as little as 0.002- to 0,003-inch reduction 
is obtained in the nominal bore size because of the 
shrinking on of the muff. In other assemblies, as high 
as 0„006- to 0.008-inch reduction has been obtained. If 
the reduction in bore size is from 0.002 to 0 o 003 inch, 
only light honing is required to place the cylinder in 
service. If the reduction in bore is larger than 0.002 
to 0.003 inch, it should be honed to the nominal size. 
Some undersize is permitted with the cylinder cold so 
that under operating conditions a true bore will be ob- 
tained. 

.General remarks .- Buckling of the fins on the muff 
immediately after machining may be corrected by inserting 
steel spacers of the correct thickness between the fins 
and heating the assembly to 800° F and allowing to cool 
slowly. Staggered notching of extremely wide fins is 
suggested as a means of preventing buckling in service. 
For equivalent weight of fin material, the cooling using 
the aluminum muff is approximately twice that for steel 
fins turned directly on the barrel. This basis of com- 
parison only holds when optimum fin dimensions are used 
on both aluminum muff and steel barrel. 
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Fin dimensions- 
Width 2" 
Thickness 0.050" 
Space 0.125" 



1-3/4" minimum depth 
for blade thickness of l/ 8" 



Figure 2.- Gang-cutter "blade. 
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START OF MUFF 
ie PITCH THREAD SEE ENLARGED SECTION 



REMOV E L EAD- STMT W ITH 
EMJ^THREAD 





THESE POINTS 



CYLINDER BARREL #fTHI£ PITCH THREAD 

FI&UREi 4.- A.C.C.I. ENG. 
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ENLARGED SECTION- 12 PITCH THREAD 
SCALE 10- r r 
USE TOOL SET FURNISHED 



5 



NOTES . 

1 THIS B.WREL 10 BE 0/9*.cocs SHNjgf 
FIT WITH HEAD-INSERT ASSEMBLY lft 
THE RE&ONOFTHE THREAD BELT AND 
.QQ tocos IN THE GAS SEAL~ ' 

2 . COOLING FINS TO BE NACHIHED OJ*F 
PARREL FVRNISHED . 

TOLERANCE ON FRACTIONAL DIMENSI ONS 
t.0/0 UNLESS NOTED 
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5.765 ±.005 Dia. 



1/2 



■5.947 £.001 Dia. 



+ •0 

6.015 -.001 Dia. 



■5.750 ±.001 Dia. 
+ .0 

-5.955 -.001 Dia. 



-6.054 Dia. 



-6.134 Dia. 



1-1/8 



Cylinder barrel assembled in head, 
9M wire insert, 8 pitch, 8 complete 
threads. (Scale- 5 times size) 




fig. 6 

5.934 ±.001 Dia. 
6.113-6.121 Dia. 

6.033-6.037 Dia. 
6.005-6.010 Dia. 



.125 



Shrink fit 
dimensions 
are .017-. 021 
tight. 

;012-.014 R. 

Region of gas tight 
fit and three topmost 
threads on head before 
assembly. 

(Scale- 10 times size) 

Wire and barrel to be tinned for 
soldering top end of insert to 
barrel with copper soldering iron. 
Do not use torch. 

Notes- 

Uhless o*,herwise specified breuk 
all sharp edges. Allowable variations 
on finished dimensions, fractions 
-.010, decimals ±.005, angles -2~l/2° 

Copy-Aircraft Screw Products Co., Inc. 



Figure 5.- Cylinder barrel to head connection-S pitch A-T 
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5.765 ±.005 Dia. 



1/2 
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- 6.015 -.001 Dia. 
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■5.750 ±.001 Dia. 
+ .0 

•5.955 -.001 Dia. 



-6.054 Dia. 



-6.134 Dia. 



1-1/8 



Cylinder barrel assembled in head, 
9M wire insert, 8 pitch, 8 complete 
threads. (Scale- 5 times size) 




Pig. 6 



5.934 ±.001 Dia. 



6.113-6.121 Dia. 



6.033-6.037 Dia. 



6.005-6.010 Dia. 
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Shrink fit 
dimensions 
are .017-. 021 
tight. 

012-.014 R. 

Region of gas tight 
fit and three topmost 
threads on head before 
assembly. 

(Scale- 10 times size) 

Wire and barrel to be tinned for 
soldering top end of insert to 
barrel with copper soldering iron. 
Do not use torch. 

Notes- 

Unless otherwise specified bretJte 
all sharp edges. Allowable variations 
on finished dimensions, fractions 
".010, decimals ^.005, angles -2~l/2° 

Copy-Aircraft Screw Products Co., Inc. 



Figure 5.- Cylinder barrel to head connection-S pitch A-T 
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Fig* 6 



5.934 ±.001 Dia. 



6.113-6.121 Dia. 



6.033-6.037 Dia. 



6.005-6.010 Dia. 



Cylinder barrel assembled in head, 
9M wire insert, 8 pitch, 8 complete 
threads. (Scale- 5 times size) 



Shrink fit 
dimensions 
are .017-. 021 
tight. 

;012-.014 H. 

Region of gas tight 
fit and three topmost 
threads on head before 
assembly. 

(Scale- 10 times size) 

ire and barrel to be tinned for 
soldering top end of insert to 
barrel with copper soldering iron. 
Do not use torch. 

Notes- 

Unless otherwise specified breUc 
all sharp edges. Allowable variations 
or finished dimensions, fractions 
-.010, decimals ±.005, angles ±2-1/2° 

Copy-Aircraft Screw Products Co., Inc. 



Figure 5.- Cylinder barrel to head connection-S pitch A- 3? 
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